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Hydro-electric Machines 


Hydro-mechanical Equipment 
Hydraulic Turbines: 


>Mechanical device that converts the potential energy contained in an 


elevated body of water (a stream or reservoir) into rotational 
mechanical energy 


> Primary function is to drive a electric generator 
Types of Hydraulic Turbines: 


A) According to the energy conversion 
1. Impulse Turbine: 
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Hydro-mechanical Equipment 


Impulse Turbine: 

The flow energy is completely converted to kinetic energy before 
transformation in the runner 

The impulse forces being transformed by the direction changes of 
the flow velocity vectors when passing the buckets create the 
energy converted to mechanical energy on the turbine shaft 

The flow enters the runner from jets spaced around the rim of the 
runners; and the jet hits momentarily only a part of the 
circumference of the runner. 

Pelton turbine and Turgo turbine 


Hydro-mechanical Equipment 


Types of Hydraulic Turbines: 
According to the energy conversion 
2. Reaction Turbine: 
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Hydro-mechanical Equipment 


2. Reaction Turbine: 

> Two effects cause the energy transfer from the flow to the 
mechanical energy on the turbine shaft: 
- Firstly, it follows from a drop in pressure from inlet to outlet of 
the runner. This is denoted as the reaction part of the energy 
conversion. 
- Secondly the changes in the directions of the flow velocity 
vectors through the runner blade channels transfer impulse forces. 
This is denoted as the impulse part of the energy conversion. 

> The pressure drop from inlet to outlet of the runners is obtained 
because the runners are completely filled with water. 

> Francis turbine, Kaplan turbine and Propeller turbine 


Hydro-mechanical Equipment 


Difference between Impulse and Reaction turbine 


Conversion of Converted into KE via nozzle Partly transformed into KE before it enters 
fluid energy the runner of turbine 


Changes in The pressure remains After entering the runner with an excess 

pressure and atmospheric throughout the pressure, water undergoes changes both in 

energy action of water in runner velocity and pressure while passing through 
runner 


Water tight case Not required Essential 


Interaction with Wheel does not run full and Water completely fills and all the passages 
water air has free access to buckets between blades and while flowing between 
inlet and outlet sections does work on blade 


Install of units Always installed above TWL Can be installed below TWL 
Draft tube Not used Necessary to recover lost energy 


Flow Regulation By means of spear valve or By the adjustment of wicket gates (guide 
deflector fitted into the nozzle vanes) 


Specific speed Low (7-20) Moderate to high (50-300:Francis; 240-920: 
Kaplan) 
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B) According to Direction of Flow 


1. 
> 


> 


2 
> 
> 


Tangential flow turbine: 

The flow of water strikes the runner in the direction of tangent to 
the wheel 

Example: Pelton wheel turbine 


. Axial flow turbine: 


The flow of water is in the direction parallel to the axis of the shaft 
Example: Kaplan turbine and Propeller turbine 


. Radial flow turbine: 


The flow of water strikes in the radial direction 
Example: Old Francis turbine 


. Mixed flow turbine: 


The water enters the runner in the radial direction and leaves in 
axial direction 
Example: Modern Francis turbine 


Hydro-mechanical Equipment 


Types of Hydraulic Turbines: 
C) According to name of Inventor 


1. 


2. 
3. 
4. 


Pelton wheel turbine 
Francis turbine 
Kaplan turbine 
Deraiz turbine 


D) According to Head 
. Very high head: 


> 500 m — Pelton wheel turbine 


. High head: 


71-500 m — Pelton wheel turbine and Francis turbine 


. Medium head: 


16-70 m — Francis turbine and Kaplan turbine 


. Low head: 


2-15 m — Kaplan series 
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Hydro-mechanical Equipment 


Types of Hydraulic Turbines: 
1. Pelton wheel turbine: 


Runner 


5-jet Pelton turbine 


Pelton Turbine 


5-jet turbine 


Invented by Lester Allan Pelton in the 1870s 

An impulse type water turbine 

Extracts energy from the impulse of moving water 

The pressure all over the wheel is constant and equal to 
atmospheric pressure 

The water flows along thetangent to the path of the runner 

Nozzles direct forceful streams of water against a series of spoon- 
shaped buckets mounted around the edge of a wheel 

As water flows into the bucket, the direction of the water velocity 
changes to follow the contour of the bucket 

When the water-jet contacts the bucket, the water exerts pressure 
on the bucket and the water is decelerated as it does a "U-turn“ and 
flows out the other side of the bucket at low velocity 

Casing is provided to prevent splashing of the water and to 
discharge water to tailrace 

Suitable for high head plants 

Used in 60 MW Khimti HPP (H=650m), 60 MW Kulekhani I 
(H=550m) and 32 MW Kulekhani IT (H=284.1 m) 
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Hydro-mechanical Equipment 
2. Turgo turbine: 


“+ The Turgo turbine is similar to the Pelton but the jet strikes the plane of 
the runner at an angle (typically 20° to 25°) so that the water enters the 
runner on one side and exits on the other. 


“+ Therefore the flow rate is not limited by the discharged fluid interfering 
with the incoming jet (as is the case with Pelton turbines). 


~* As a consequence, a Turgo turbine can have a smaller diameter runner 
and rotate faster than a Pelton for an equivalent flow rate. 


“+ The Turgo turbine is an impulse water turbine designed for medium head 
applications. 


“+ In factory and lab tests Turgo Turbines perform with efficiencies of up to 
90%. 


“+ Complex blade design but greater flow possibilities. 
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Hydro-mechanical Equipment 


3. Francis turbine: 
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Main components 
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Main components 
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> Developed by James B. Francis in 1984 

>It is an inward-flow reaction turbine that combines radial and axial 
flow concepts 

> Operates at its best completely filled with water at all times 

> The most common water turbine in use today 

> Operates in a water head from 40 to 600 m 

> Power output ranges just a few kilowatts up to 800 MW 

> The speed range of the turbine is from 75 to 1000 rpm 

> Wicket gates around the outside of the turbine's rotating runner 
control the rate of water flow through the turbine for different power 
production rates 

> The runner consists of 12-22 nos of curved blades 

> Water is discharged to the tailrace through a closed tube of gradually 
enlarged section, called draft tube 

> Used in 144 MW Kali Gandaki HPP (H=115 m), 69 MW 
Marsyangdi (H=95 m); both have three units of Francis turbine 


Hydro-mechanical Equipment 


4. Propeller turbine: 


10 


> Propeller turbines have non-adjustable propeller vanes. They are used 
in where the range of flow / power is not large. Larger propeller turbines 
produce more than 100 MW 

> Axial flow turbine 

>No of blades: 3-8 

> The head ranges from 4-80 m 

>Runner diameter: 2-11 m 


5. Kaplan turbine: 


Vertical driveshaft 


Inlet guide-vanes —_—+ 


Rotor (adjustable blades) 


Turbine Blades 
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> Axial flow turbine 
>No of blades: 3-8 
> Kaplan turbine is developed by Viktor Kaplan in 1913 
> Kaplan turbine is the propeller-type water turbine which has adjustable 
blades; combined automatically adjusted propeller blades with 
automatically adjusted wicket gates to achieve efficiency over a wide 
range of flow and water level 

> Large range of load (50% under load - 50% over load ) 
>The Kaplan turbine was an evolution of the Francis turbine; allowed 
efficient power production in low-head applications that was not possible 
with Francis turbine 

> The head ranges from 10—70 m and the output from 5 to 200 MW 

> Runner diameter: 2-11 m 
> Kaplan turbines are now widely used throughout world in high-flow, 
low-head power production 


Hydro-mechanical Equipment 


6. Deriaz turbine: 
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> Invented by Paul Deriaz in 1956 

> Mixed-flow reaction turbine 

> Similar to a Kaplan turbine but inclined blades (flow over the 
runner is at 45°) to make it more suitable for higher heads 

> Particularly suitable for the head range between 20 - 100 m, in 
between the ranges of Francis and Kaplan turbines 

>No of blades: 10-12 


7. Bulb turbine: 


Hydro-mechanical Equipment 


> Generator is housed in enclosed bulb-shaped casing 

> Axial flow reaction turbine 

>immersed in the water channel, the flow enters and exits the turbine 
with minor changes in direction 

>The draft tube is straight flaring tube 

>Compact arrangement of components and less danger of cavitations 
>The head ranges from 3—20 m 


————=== 
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Turbine Speeds 

1. Runway speed 

If the external load on the machine suddenly drops to zero (sudden 
rejection) and the governing mechanism fails at the same time, the 
turbine will tend to race up the maximum possible speed, known as 
runway speed. The suggested runway speed of the various runners for 
their appropriate design, and acceptable head variations of such turbines 
are given in following table. 


2. Specific speed (Ns) 

The specific speed of a turbine is defined as a speed of 
geometrical similar turbine that would develop unit power 
under unit head. All geometrical similar turbine (irrespective 
of size) will have same specific speed when operating under 
same head. 


where, 
N = Rotational speed of turbine in rpm 
P = Power out-put 
H = Head of turbine 
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Specific speed (Ns) for different type of turbines 
Given below the specific speed of different type of turbines 
that would develop 1 HP under 1 m head. 


3. Synchronous speed 


(divisible by 4 for head up to 200 m or by 2 for heads above 200 m) 


4. Speed factor or speed ratio (@) 
It is the ratio of peripheral speed ‘v’ of the buckets or vanes at the 
nominal diameter ‘D’ to the theoretical velocity of water under the 
effective head ‘H’ acting on the turbine. 


D=v/ \ (2gH) = TD N/(60 V (2gH) ) 
N= Angular velocity in rpm 
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Performance of Turbines under unit quantities 
SS SS ae 


The unit quantities give the speed, discharge and power for a particular 
turbine under ahead of 1m assuming the same efficiency. Unit quantities 
are used to predict the performance of turbine. 


1. Unit speed (N,) - Speed of the turbine, working under unit head 


2. Unit power (P,,) - Power developed by a turbine, working under a unit head 


3. Unit discharge (Q,) - The discharge of the turbine working under a unit head 
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Efficiency vs Specific Speed 


Impulse turbines Reaction turbines 
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Draft Tube 


Draft tube is an integeral part of the low head turbines with large through flow, i.e., for reaction 
turbines of the Francis and Kaplan type. The unit consists an airtight diverging conduit with cross-sectional 
area increasing along its length. One end of this diverging tube is connected to the runner exit and the other 
is located below the level of tail race. 


A draft tube has the following functions to perform : 


Types of Draft Tube 
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Energy Equation Applied to Draft Tube 


The velocity V, can be reduced by having a diverging passage. 


To prevent cavitation, the vertical distance z, from the tail water to 
the draft tube inlet should be limited so that at no point within the 
draft tube or turbine will the absolute pressure drop to the vapour 
pressure of water. 
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Turbine scroll case 


A scroll case is the conduit directing the water from the intake or 
penstock to the runner in reaction-type turbine installations (in the case 
of impulse wheels a casing is usually provided only to prevent splashing 
of water and to lead water to the tail race). A spiral-shaped scroll case of 
the correct geometry ensures even distribution of water around the 
periphery of the runner with the minimum possible eddy formations. The 
shape and internal dimensions are closely related to the design of the 
turbine. 


(a) Full spiral case 

A full spiral case (Figure (a)) entirely enclosing the turbine with a nose 
angle, 9, of 360° ensures most perfect flow conditions. However, in 
practice spiral cases with 320° < @ <340° are also called full spiral 
cases. This kind of spiral case will generally be used in medium and 
high-head installations where discharge requirements are smaller. 
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Turbine scroll case 


(b) Partial spiral case 

For low-head plants the entrance area should be large so as to allow large 
flows. This is achieved by choosing nose angles that are less than 320° . 
The spacing of the units is therefore governed by these large entry widths 
of the partial spiral scroll cases. 

For high-head plants, a circular scroll case cross-section is normally 
adopted; a metal casing is more suited to this shape. For low-head plants 
where the water quantities are large a rectangular section with rounded 
corners may be constructed in situ in concrete. The approximate 
dimensions of a Francis turbine layout with steel scroll case and a 
propeller turbine layout with concrete scroll, respectively, are shown in 
Figures (a) and (b). The design of the shape of the spiral case is governed 
by the flow requirements. Initial investigations should be based on the 
following assumptions: (a) a spiral case of constant height; (b) an evenly 
distributed flow into the turbine; (c) no friction losses. 


(a) Francis turbine with steel scroll (b) Propeller turbine with concrete 
(full spiral, 320°< p <340°) scroll (partial spiral,@<320°) 


2.05D 1.5D 


Recommended dimensions of scroll casings 
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Cavitation in Hydraulic Turbine 

Cavitation is formation of vapor bubbles in the liquid flowing through 
any Hydraulic Turbine. Cavitation occurs when the static pressure of the 
liquid falls below its vapor pressure. Cavitation is most likely to occur 
near the fast moving blades of the turbines and in the exit region of the 
turbines. 

Causes of Cavitation 

The liquid enters hydraulic turbines at high pressure; this pressure is a 
combination of static and dynamic components. Dynamic pressure of the 
liquid is by the virtue of flow velocity and the other component, static 
pressure, is the actual fluid pressure which the fluid applies and which is 
acted upon it. Static pressure governs the process of vapor bubble 
formation or boiling. Thus, Cavitation can occur near the fast moving 
blades of the turbine where local dynamic head increases due to action of 
blades which causes static pressure to fall. Cavitation also occurs at the 
exit of the turbine as the liquid has lost major part of its pressure heads 
and any increase in dynamic head will lead to fall in static pressure 
causing cavitation. 


Detrimental Effects of Cavitation 

The formation of vapor bubbles in cavitation is not a major problem in 
itself but the collapse of these bubbles generates pressure waves, which 
can be of very high frequencies, causing damage to the machinery. The 
bubbles collapsing near the machine surface are more damaging and 
cause erosion on the surfaces called as cavitation erosion. The collapses 
of smaller bubbles create higher frequency waves than larger bubbles. 
So, smaller bubbles are more detrimental to the hydraulic machines. 


Smaller bubbles may be more detrimental to the hydraulic machine body 
but they do not cause any significant reduction in the efficiency of the 
machine. With further decrease in static pressure more number of 
bubbles is formed and their size also increases. These bubbles coalesce 
with each other to form larger bubbles and eventually pockets of vapor. 
This disturbs the liquid flow and causes flow separation which reduces 
the machine performance sharply. Cavitation is an important factor to be 
considered while designing Hydraulic Turbines. 
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Avoiding Cavitation 

To avoid cavitation while operating Hydraulic Turbines parameters 
should be set such that at any point of flow static pressure may not fall 
below the vapor pressure of the liquid. These parameters to control 
cavitation are pressure head, flow rate and exit pressure of the liquid. The 
control parameters for cavitation free operation of hydraulic turbines can 
be obtained by conducting tests on model of the turbine under 
consideration. The parameters beyond which cavitation starts and turbine 
efficiency falls significantly should be avoided while operation of 
hydraulic turbines. 


In a reaction turbine, the point of minimum pressure is usually at the 
outlet end of the runner blades, 1.e., at the inlet to the draft tube. For the 
flow between such a point and the final discharge into the trail race 
(where the pressure is atmospheric), the Bernoulli's equation can be 
written, in consideration of the velocity at the discharge from draft tube 
to be negligibly small, as 


(1) 


where, pe and ve represent the static pressure and velocity of the liquid at 
the outlet of the runner (or at the inlet to the draft tube). The larger the 
value of ve, the smaller is the value of pe and the cavitation is more 
likely to occur. The term hf in Eq. (1) represents the loss of head due to 
friction in the draft tube and z is the height of the turbine runner above 
the tail water surface. For cavitation not to occur pe = pv, where pv is 
the vapour pressure of the liquid at the working temperature. 
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An important parameter in the context of cavitation is the available 
suction head (inclusive of both static and dynamic heads) at exit from the 
turbine and is usually referred to as the net positive suction head 'NPSH' 
which is defined as 


yr2 
NPSH a 22 te 2P (2) 
pg 2g pg 


with the help of Eq. (1) and in consideration of negligible frictional 
losses in the draft tube (Af = 0), Eq. (2) can be written as 


(3) 


A useful design parameter o known as Thoma's Cavitation Parameter 
(after the German Engineer Dietrich Thoma, who first introduced the 
concept) is defined as 


_ NPSH _ (Pam! 8) —- y fPg)-2 
ee (4) 


For a given machine, operating at its design condition, another useful 
parameter o,, known as critical cavitation parameter is define as 


S, = (Patm ! P8)— Pe !PB)-Z (5) 


Therefore, for cavitation not to occur S = 6; (since, pe > pv) 

If either z or H is increased, 6 is reduced. To determine whether 
cavitation is likely to occur in a particular installation, the value of © may 
be calculated. When the value of © is greater than the value of S- for a 
particular design of turbine cavitation is not expected to occur. 


In practice, the value of 6, is used to determine the maximum elevation 
of the turbine above tail water surface for cavitation to be avoided. The 
parameter value of 6, increases with an increase in the specific speed of 
the turbine. Hence, turbines having higher specific speed must be 
installed closer to the tail water level. 


Note: Eq. (4) can be written as, 6, = (Ha—Hv-—Hs)/H 
Hs = Turbine setting = z 
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Cavitation in Turbines 


Traveling bubble cavitation in Francis turbine 


Inlet edge cavitation in Francis turbine 


Leading edge cavitation damage in Francis turbine 


Oo, = 0.625 (Ns/380. 78), for Francis runners 

= 0.28 + (Ns/380.78)/ 7.5 for Propeller runners 

= 1.10 (0.28 + (Ns/380. 73y/ 7.5) for Kaplan runners 
Ns = Specific speed (r.p.m., kW, m) 


ia as #: 
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Design procedure of the Pelton Wheel Turbine 
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The angle of 
deflection of 
jet to bucket 
is limited to 


about 165° to 
170° 
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Governing of Hydraulic Turbines 


>N = 120f/p implies speed of the generator can be maintained at a 
constant level only when the speed of the turbine is constant. 


> Load is increased => speed tends to decrease and vice versa. 


>The function of the governor is to regulate the quantity of water 
flowing through the runner in proportion to the load. Thus the governing 
mechanism maintains the speed of the runner at a constant level at all 
loads. 


» For reaction turbines, the governor controls the guide vanes and wicket 
gates. For impulse turbines, the governor controls the spear and nozzle. 


Governor 


The governor is a mechanism controlling the rotational speed of the 
turbo-generator unit; constant speed must be maintained in order to 
obtain the a.c. supply with constant frequency. As the turbine and hence 
its interconnected generator tend to decrease or increase speed as the 
load varies, the maintenance of an almost constant speed requires 
regulation of the amount of water allowed to flow through the turbine by 
closing or opening the gates (or nozzles) of the turbine automatically, 
through the action of a governor. 


A simple governing mechanism for turbines is shown in figure below. 
Increase in the rotor speed raises piston A, permitting oil to enter 
chamber B, thus closing the gates slightly. The operation is reversed if 
the speed drops. 


A rapid closing or opening of the nozzle or guide vanes (gates) is 
undesirable, as serious water hammer problems may result in the 
penstocks. 
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(a) Governing of impulse turbine 


actuator 


connected 
to turbine 
shaft 


oil supply 
(under pressure) 


(b) Governing of reaction turbine 


servo-motor 


scroll case 


Sudden changes may be avoided in the case of a Pelton turbine if a 
deflector is activated in front of the jet, thus diverting part of the flow 
away from the turbine. Similarly, in the case of a reaction-type turbine a 
relief valve may allow a part of the discharge to flow directly to the tail 
race without entering the runner. 
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n electric generator, which 
The frequency of power 
varying condition should be 
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Governing of Turbines 


Governing of turbine means speed regulation. The turbine 
governor is an essential piece of equipment of the unit and works to 
regulate the speed of the turbine upon changes in load, by controlling 
the flow of water through the runner. 


The various components of the governor are : 


(i) a speed sensitive device (fly ball assembly), (ii) a mechanical 
amplifier to increase the effect of the above device, and (iii) the 
follow up system which produces the actual control on the water 
flow. This actual control comprises of operating a gate mechanism 
in the case of Francis turbine, the gate and blade adjusting mechanism 
in the case of Kaplan turbine, and the nozzle, needles and deflectors 
in an impulse turbine (Pelton wheel). 

The most commonly used system of governing in turbines is 
through oil pressure. The oil pressure governor is described here. 


The governor system includes the governer itself, the energy 
supply equipment (pump supplying oil under constant pressure), 
the piping and the connections to the turbine’s flow control mechanism. 
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Turbine flow control mechanism. 
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The governor in its simple form consists of the governor head 
(speed sensitive device, usually flyball assembly), the control or 
pilot valve and the servomotor. At normal speed the ports 1 and 2 of 
the control valve are both closed and the pressure in chambers A 
and B of the servomotor being the same, the servomotor piston is 
stationary in position, maintaining the constant rated discharge. 
Increase in the turbine speed rotates (through a belt) the governor 
head faster. The flyballs move outwards lifting the sleeve up and 
opening the port 1. Oil pressure is applied in chamber A, which 
moves the piston to the left and reduces the discharge until normal 
speed is restored. Any decrease in the turbine speed brings the 
sleeve downwards, opening the port 2, thereby applying pressure in 
chamber B and pushing the piston to the right to increase the 
discharge until the speed is stepped up to the normal. This apparently 
is simple process, however is rendered unsatisfactory because of the 
inertia effects, which cause the over travel of the controls and the 
consequent ‘hunting’ of governor. 


As has been stated, the governing of an impulse turbine is 
effected by regulating the quantity of water ejected through the 
nozzles and striking the turbine buckets. Two common ways of doing 
this are : Spear or needle regulation and the deflector regulation A 
third method involves the combination of these two arrangements. 
Fig. below shows the guide mechanism for an impulse turbine 


Needle To bucket of 
rod pelton wheel 


———< 


From relay 
cylinder 


Guide mechanism for an impulse turbine. 
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using needle regulation. The governor closes the nozzle opening 
partially by pushing the needle in the nozzle thus allowing 
less water to enter the turbine, which, therefore, will run slow. 
Needle regulation is suitable where a relatively large penstock 
supplies water to a small turbine and where the fluctuations 
in load are small, while the deflector is generally employed 
where supply of water is constant but the load on the turbine 
fluctuates. 


The combination of spear and deflector control is quite 
popular in modern installations since double regulation is a 
feature of all modern turbines. The double operation involves 
simultaneous operation of two elements. This uses both the needle 
regulation effected through the direct connection with governor 
servomotor piston rod, and the deflector regulation which is 
effected through a linkage arrangement from the main lever 
and the servomotor piston rod. The deflector is thus, actuated 
directly by the governor and works quicker than the needle/ 
spear regulator which is permitted to act gradually, and thus 
avoid serious water hammer in the piping system. The 
double reeulation arrangement of turbine governing is shown in 
Fig. below . 


Roller with 
cam 
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tg servomotor 


Branch Deflector 
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Double regulation system of governing impulse turbine 
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Double regulation system is also employed in reaction turbines 
by control the water flow through guide blades. This consists of 
guide blade control and a relief valve in Francis turbine and guide 
blade contro] and runner blade adjustment in case of Kaplan turbine. 
The guide blade control comprises of the used contro] mechanism, 
and blade adjusting mechanism are additional features. Relief valve 
which fitted in the penstock at the turbine inlet, opens and direct 
the water to the tailrace by passing the runner, when the power 
demand drops suddenly and the guide blades are closed suddenly. 


Electro-mechanical Installation 


Generator: 

Electric Generator is a machine that converts mechanical energy to 
electric energy. Usually this energy is obtained from a rotating shaft that 
is also called the armature of the generator. The electric energy then 
produced can be used for power transmission to commercial, industrial 
or even domestic level. Generators supply current which usually has a 
frequency of 50 Hz, which is used here. An electric generator has two 
parts: 1)Stator and 11) Rotor 

The stator comprises of the stationary magnetic poles, whereas the 
rotating armature is included in the rotor. 


Hydropower generator: 

Hydropower generator is the main power equipment to making 
electricity energy in a hydropower station. It is a water-to-wire 
generator with the turbine as the prime motor. When the water flow 
goes through turbine, it changes the water power into mechanical 
energy. 
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Electro-mechanical Installation 


Types of hydropower generator: 

According to its axis location, hydro generator is usually divided into 
two types: 1) Horizontal and 11) Vertical 

Large and medium-sized units usually adopt the vertical type layout, 
whose maximum speed can reach 750 rpm. While horizontal type 
usually is used for medium and small capacity units, whose maximum 


Horizontal type generators Vertical type generators 
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Rating of Generators: 

Generator rating is a set of specified values which are specified for that 
particular generator model by its manufacturers. It must be capable of 
supplying that much power output in an accurate way that is anticipated 
by the manufacturer. 


The sizes of the generators vary depending on their rating and on their 
shaft arrangements (either vertical or horizontal). A.C. generators are 
rated in kilovolt-amperes (kVA). The apparent or nominal rating (output) 
differs from the actual output, Pa, the difference Pm being used to 
magnetize the rotor field. Thus the rated kVA is given by 


kVA = (Pa + Pin)” 


and the power factor is given by 
PF = COS@ = Pa/kVA 


Pump: 
A pump is a device that moves fluids (liquids or gases), or sometimes 
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Reciprocating Pump 
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